Polymerization of lysozyme caused by mod cation with glucose
The amounts of monomer and oligomer of modified lysozyme measured by a densitometer are shown in Table 1 . On incubation with glucose for 7, 30 or 50d, the lysozyme monomer decreased to 73, 43 and 42%, respectively. On the other hand, the oligomer of the lysozyme increased. This result indicated that the polymerization of lysozyme increased dependently with time during the reaction process with glucose. Digestibility of modified lysozyme hydrolyzed by pepsin pancreatin system The yields of peptides in various fractions with different molecular weights obtained by the hydrolyzation of lysozyme with the pepsin-pancreatin system are shown in Table 2 . The digestibility of native lysozyme was similar to that of 4d-modified lysozyme. The yields of low molecular weight fractions decreased while those of high molecular weight fractions increased with reaction time. Yields of the high molecular weight (over 10,000 Da) fraction of 7, 30 or 50d-modified lysozyme digested by pepsin and pancreatin were about 20, 59 and 59%, respectively (Table 2) . On the other hand, yields of the low molecular weight (below 3,000 Da) fraction of lysozyme modified for 7, 30 and 50d were about 76, 37 and 33%, respectively. The glycation degrees of Lys residue for 7, 30 or 50d-modified lysozyme Peptide patterns of native or mod fled lysozyme after hydrolyzation by the pepsin-pancreatin system Peptide patterns of native lysozyme and 7d-modified lysozyme hydrolysate analyzed by HPLC are shown in Figs. 1 and 2 . When lysozyme was modified by glucose, the quantity of each peptide in the MW fraction below 3,000 decreased depending on reaction time. However, the peptide patterns of native or modified lysozyme hydrolysates were similar when the lysine residue of lysozyme was modified by glucose at a level of under 50%. This tendency was also similar for lysozyme modified by glucose for 21 and 30d. From this result, it is estimated that the main Fig. 1 . HPLC pattern of peptides in the molecular weight fraction below 3,000 Da derived from native or modified lysozyme after hydrolyzing by the pepsin-pancreatin system. Samples were incubated with pepsin for 3h and pancreatin for 20h. Apparatus, Shimadzu HPLC-10A; column, YMC-Pack ODS-AM; mobile phase, 0.05% TFA in H2O/0.05% TFA in CH3CN=100/0 to 40/60 in 80 min; flow rate, 0.5mL/min; detection, 220nm; IL, native lysozyme; 7ML, 50ML, modified lysozyme by glucose for 7 and 50d, respectively. cleavage sites of modified lysozyme under the above conditions are similar to that of native lysozyme. In this study, modified lysozyme is a mixture of native and modified lysozyme; therefore, it is necessary to confirm the cleavage sites of modified lysozyme in pure form. This study is still in progress. In the MW between the 3,000 and 10,000 Da fractions, the peptide patterns of modified lysozyme at 7 and 21d (data not shown) were almost the same as that of native lysozyme. However, the quantity of each peptide derived from native lysozyme was higher than that derived from modified lysozyme (i.e., by glycation, modified lysozyme is harder for enzymatic hydrolyzation than native lysozyme). High molecular weight peptides increased in the molecular weight fraction over 10,000 Da of modified lysozymes.
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Digestibility and absorbability of mod fled lysozyme in vivo
In order to examine the differences in digestibility and absorbability of native and modified lysozymes in vitro and in vivo from a nutritional point of view, we used HPLC to determine the quantities of undigested native or modified lysozyme in the digestive tracts of rats after 90 or 180 min of digestion. These results are shown in Table 3 . Most of the native lysozyme administered to rats shifted from the stomach to the small intestine, and 99.6% of the dosage was digested and absorbed within 90 min of digestion. The 7 d-modified lysozyme could not be found in the stomach or the upper part of the small intestine after 180 min of digestion, and only 0.2% of the dosage was detected in the lower part of the small intestine. The percentages of remaining 30d-modified lysozyme were 4.2, 0.5 and 6.7% in the stomach, upper and lower parts of the small intestine, respectively, after 90 min of digestion, while the remains of native lysozyme in the digestive tracts were 0.38, 0.00 and 0.05%, respectively. Thus, it is suggested that 30d-modified lysozyme is harder to digest and absorb than native lysozyme in vivo. However, since the total percentage of remaining 30d-modified lysozyme in the stomach and small intestine was only about 11% of the dosage, most of the 30d-modified lysozyme was digested and absorbed. Additionally, the peptide patterns of the MW fraction below 3,000 Da of 30d-modified lysozyme in the rat small intestine were almost similar to that of native lysozyme or water dosage after 90 min of digestion (Fig. 3 ). There was also no difference among the peptide patterns of the control, native lysozyme and modified lysozyme in vivo for the MW fraction between 3,000 and 10,000 Da (data not shown). On the other hand, as shown in Figs. 1 and 3 , the peptides in the MW fraction below 3,000 Da, derived from native or modified lysozyme digested in vivo, had different patterns than the peptides generated by pepsin-pancreatin in vitro. Nguyen et al studied the cleavage of native casein and casein modified by glucose, and they reported that there was no difference in the pattern between the casein peptides in vitro and in vivo when lysine residue of casein was modified at a level of 50% (7d-modified casein) (1) . They also concluded that the main cleavage sites of 7d-modified casein in vivo are mostly similar to those in vitro. However, in this the stomach and small intestine was only about 4 and 7%, respectively. Quanti tative analysis of peptides by HPLC is very difficult; in order to have correct data, a standard for each peptide is necessary. Thus, the quantitative data for native and 30d-modified lysozymes are correct. However, the quantitative data for the smaller peptides in Figs. 3 and 4 are apparent. This problem must be reconsidered in the future. Additionally, peptides generated by the digestion of native or 30d-modified lysozyme were not detected in the MW fraction below 3,000 in the intestine (Fig.  3 ). This result indicated that when the 30d-modified lysozyme was hydrolyzed to low molecular weight peptides by intestinal enzymes, the peptides were immediately absorbed. Consequently, it is assumed that most of the 30d-modified lysozyme was digested and absorbed similar to that of native lysozyme.
In this study, the generated peptide patterns were different between in vitro and in vivo digestion for modified lysozyme. In our dietary life, almost all of the proteins we consume are modified by processing or cooking processes. Hitherto, it is known that protein modified by glucose decreased in digestibility in vitro and in vivo. However, detailed information on peptide bond cleavage concerning nutritional and physiological points of view are not available. In this study, we made clear that the digestion of modified lysozyme by the pepsin-pancreatin system in vitro was highly different from digestion in vivo. It was estimated that modified lysozyme in the rat digestive tracts had been hydrolyzed easier by the presence of various kinds of proteases than pepsin and pancreatin in vitro. In conclusion, it is clear that when the lysine residue of lysozyme is modified by glucose at a level of 60%, modified lysozyme is easily digested similar to native lysozyme, and 90% of modified lysozyme is digested and absorbed into the biological system through intestinal absorption.
